Protein engineering of BamHI restriction endonuclease: replacement of Cys54 by Ala enhances catalytic activity.
Chemical modification studies of BamHI endonuclease indicated the importance of the cysteine residue in catalysis [Nath, K. (1981) Arch. Biochem. Biophys, 212, 611-617]. Of the three cysteine residues at positions 34, 54 and 64 in the BamHI endonuclease Cys54 and Cys64 are at the DNA-protein interface. The co-crystal structure of the BamHI-DNA complex, however, does not indicate any role of cysteines either in binding or catalysis. In the context of strong biochemical evidence, Cys54 in BamHI was changed to Ala54 to investigate its role in catalysis. The mutation was carried out by PCR overlap extension, the mutant gene was cloned and characterized by sequencing. The mutant BamHI was expressed and purified to homogeneity and the kinetic parameters (K(M) and kcat) of the wild type and the C54A mutant were determined. The mutation results in up to approximately 40% enhancement of kcat and some increase in K(M). These in vitro results were also supported by in vivo SOS induction assays: the C54A mutant gene under the T7 promoter caused complete lysis in JH139 in absence of T7 RNA polymerase whereas the wild-type gene gave deep blue colonies under the same conditions. The results suggest no direct role of Cys54 in catalysis, but it can influence the catalytic activity through Val57 backbone contact seen in the co-crystal structure.